The European Commission (EC) and the National Institutes of Health (NIH) jointly sponsored a workshop on October 18-20, 2011 in Brussels to discuss the feasibility and benefits of an international collaboration in the field of traumatic brain injury (TBI) research. The workshop brought together scientists, clinicians, patients, and industry representatives from around the globe as well as funding agencies from the EU, Spain, the United States, and Canada. Sessions tackled both the possible goals and governance of a future initiative and the scientific questions that would most benefit from an integrated international effort: how to optimize data collection and sharing; injury classification; outcome measures; clinical study design; and statistical analysis. There was a clear consensus that increased dialogue and coordination of research at an international level would be beneficial for advancing TBI research, treatment, and care. To this end, the EC, the NIH, and the Canadian Institutes of Health Research expressed interest in developing a framework for an international initiative for TBI Research (InTBIR). The workshop participants recommended that InTBIR initially focus on collecting, standardizing, and sharing clinical TBI data for comparative effectiveness research, which will ultimately result in better management and treatments for TBI.
.html). These meetings explored the scientific rationale and benefits of an international collaborative effort in the field of clinical TBI research and concluded that an international collaboration would be timely and of significant added value.
The Brussels workshop built on the work of the two previous symposia and brought together some 60 policy makers, scientists, clinicians, and patient and industry representatives from the European Union (EU), United States, Canada, China, and Australia to discuss the feasibility of an international collaboration in the field of TBI and define its scientific priorities. This article summarizes the contributions in each session and the rationale for establishing a program-level cooperation in the area of TBI.
TBI: Bottlenecks and Priorities for Action

Clinical bottlenecks: David Menon
There is good evidence of a global pandemic in TBI, culminating in significant costs to all societies, in terms of mortality, residual disability, health economic costs, and reduced productivity. 2 Current figures may substantially underestimate the true incidence of TBI, because a community-based survey from Indiana suggests that 45% of mild TBIs (mTBIs)) are missed by standard criteria. 3 Although most patients recover at least partially, others may continue to worsen over the years after TBI. 4, 5 Improvements in clinical care, coupled with the development of authoritative guidelines, have reduced mortality from severe TBI (sTBI) from 40 years ago, 6 but improvement has slowed, 7 and whereas there seems to be a benefit from treatment in specialist centers, improvements in favorable outcome are less obvious. 8 Moreover, wide discrepancies in outcomes exist between centers and among countries. Reduction of mortality from trauma across the EU to levels in the Netherlands could potentially save 100,000 lives per year. 9 The organization of health care systems can also have a major effect on the outcome of patients with a TBI. Several of these factors may have contributed to the failure of a number of novel neuroprotective interventions to translate into benefit in patients with a head injury. 10, 11 Multiple treatments are currently available, but there are still limitations to characterization and prognostication in individual patients. More rational approaches are needed for assigning or tailoring treatments to specific patients.
Modern imaging techniques, especially magnetic resonance (MRI), offer substantial advantages in understanding the progress of pathophysiology in TBI. 12 A clear definition of the variance and sample size in MRI studies would potentially allow its use as a tool for elucidating mechanisms of injury. Also, the development of quantitative techniques to image target mechanisms (e.g., neuroinflammation and amyloid deposition) could provide valuable mechanistic endpoints in drug development. Neuropathology will be critical for validating imaging and other emerging biomarkers.
Management of TBI: The need for a global approach: Ji-yao Jiang
The opportunities for clinical TBI research are substantial in China, which reports approximately 1 million patients hospitalized with moderate to sTBI per year. The figures for mTBI are unknown, but are likely to be many multiples of this number. Centers in China have a substantial record of subject recruitment to both national and international TBI studies, including trials of hypothermia and decompressive craniectomy. A recently initiated observational study reported recruitment of over 7000 in-patients with sTBI in less than a year, with a plan to recruit 20,000 patients. Patterns of Glasgow Coma Scale (GCS) at admission, outcomes, and other epidemiological data are concordant with similar case series from Western centers, suggesting similar clinical populations. The major cause of TBI in this cohort was motor vehicle incidents. Although regulatory processes can be slow, they are facilitated by local collaboration; rehabilitation and long-term follow-up may also be less accessible. At least some pharmaceutical firms have overcome those factors and involve Chinese centers in trials; overall, China provides substantial opportunities for clinical research.
Why is industry withdrawing from the TBI field?: Marie-Noelle Castel Most pharmaceutical companies withdrew from the TBI field subsequent to the failure of clinical trials over the last 10-20 years. However, the discovery of new potential neuroprotective molecules has renewed interest in the field. Behavioral outcomes, biomarkers, imaging studies [including positron emission tomography (PET) ligands], and late endpoints ( > 6 months) in humans and animal models are needed to guide translational programs.
Companies such as Sanofi-Aventis have been encouraged by the increased recognition of TBI as a significant public health issue, both in armed conflict and in amateur and professional contact sports, which has resulted in substantial government funding by the Department of Defense (DoD) and National Institutes of health (NIH) in the United States, and now by the EU. They have also been encouraged by the recent development of more-integrated research strategies, which include tools for clinical research [e.g., Common Data Elements (CDEs); www.commondataelements.ninds.nih.gov], and the formation of effective national and multi-national research consortia. Participation in an international TBI research collaboration is attractive because it mitigates risk. Harmonization of the datacollection process and the resulting effects on clinical trial design are also significant advantages. The data obtained from new patient populations, particularly with mTBI, may facilitate subsequent clinical trials with this study population. Thus, involvement in a large multi-disciplinary consortium may help accelerate global development. However, pharmaceutical industry participation in an international collaboration requires an adequate framework for sharing intellectual property and risk, because the data will be shared and compounds may originate from academic research labs. Pharmaceutical companies do not object, but underscore that both risks and benefits of successful drug development need to be shared.
Although supportive of the plans to develop better disease classification and outcome measures, industry partners would need to ensure that such measures had regulatory approval before use in their trials. Indeed, early involvement of regulatory agencies in this endeavor is a distinct advantage, especially because the European Medicines Agency (EMA) has no fast-track route for TBI and other orphan conditions. The U.S. Food and Drug Administration (FDA) does have a fast-track process, but there is a significant latency before drugs can lock into this scheme, and more-effective implementation would be beneficial. However, it was also noted that data obtained from patients participating in trials in one country were usually admissible for regulatory approval in other countries, provided that an appropriate number or proportion of patients in the trial came from the country where regulatory approval was being sought. Last, there is a different regulatory system for biomarkers that also needs to be considered.
The needs of patients: Mary Baker
The public health effect of TBI raised in earlier talks was reinforced. In addition, the economic effect of disorders of the brain in the EU was described. It was estimated to be e798 billion in 2010, 13 a proportion of which is because of TBI (e33 billion). At least in the UK, individuals viewed as in-patients in a neuroscience service represent the tip of the iceberg-only 1.5% of patients with TBI are treated by neurosurgeons. The effect on the young-TBI is the largest cause of disability in individuals under the age of 45-was highlighted. However, it was also noted that an increasing proportion of individuals who sustain TBI are older, in keeping with an aging population. TBI presents substantial, but different, sociological challenges in the young and old, changes life expectancies and family relationships, and can impose crippling financial burdens on individuals and their families.
Summary of discussion and recommendations for InTBIR
Data sharing and intellectual property. To promote the involvement of pharmaceutical companies in InTBIR, strategies for sharing risks as well as benefits of successful drug development should be considered. The Innovative Medicine Initiative (http://www.imi.europa.eu/) successfully achieved this balance and may serve as an informative model. Involvement of regulatory agencies. The early involvement of (or communication with) regulators is desirable, in particular, if a new disease classification and new outcome measures are to be implemented in clinical studies. Participants recommended that the EMA makes available a fast-track route for TBI and other orphan conditions. In the United States, such a fast-track process is in place, but it could be streamlined for faster, more efficient implementation. The presentations focused first on new approaches for acquiring data about patients with TBI. The ways that such data might be used were then considered from clinical and physiological monitoring viewpoints, and the encouraging experience of a pilot project was presented. Several potential benefits of these approaches emerged from the ensuing discussions.
Progress toward building a federated TBI database (FITBIR): Matt McAuliffe
Limitations in current approaches to collection of data include disparate, inconsistent methods, incomplete coverage, and restricted ability to share or compare findings. The aims of FITBIR are to promote the use of consistent defined standards within a CDE approach and to develop and implement a system for storing and sharing patient-level information on phenotypic, genomic, and imaging features (Fig. 1) . Key to the success of the approach will be (1) collaboration between local investigators, principal investigators, and repository managers to ensure that data are validated and deidentified, but connected by a Global Unique Identifier (GUID), (2) requirements for security, linking, and sharing by controlled access, and (3) developing the policies and governance of the system. The repository was to begin testing in November 2011 and be ready for general use in July 2012. 
INTERNATIONAL INITIATIVE FOR TBI RESEARCH
had been achieved despite the use of 89 different MRI instruments and a diversity of protocols. Open access to the data has led to impressive sharing and utilization and to more than 400 publications thus far. The lessons learned from ADNI include the following: leadership is fundamental; inclusiveness is essential for building research capacity; an open-source research model accelerates progress; and although there are difficulties, success is possible.
Standardized, open-access clinical data collection for the TBI community: Andrew Maas Data standardization such as that embedded in the CDE concept is critical. The CDE structure is built around progressive elaboration of categories of Modules and Data Elements, differentiating the details of coding into Basic, Intermediate, and Advanced fields of information (http://www.tbi-impact.org and http://www .commondataelements.ninds.nih.gov; Fig. 2 ). Scientific benefits include increased comparability between studies, individual patient analysis across studies, and facilitation of clinical effectiveness research. There are also cost-efficiency benefits, including the simplification of the development of case report forms (CRFs). The CDE project is still very much in a development phase. However, software for creating an electronic CRF and a web-based data entry system has recently been developed for FITBIR. The options for data sharing include investigators being able to use their own (i.e., familiar) database structure or to have modules available within a shared database structure-visualizing only selected fields. Critical issues for successful implementation are user friendliness, flexibility, and standardization (e.g., with xml format for modules, elements, and unique identifiers). A large-scale, prospective data collection, of varying granularity, would offer a good opportunity to test and refine the flexibility and user friendliness of the system.
Standardized, open-access data system for the intensive care unit (ICU): Ian Piper
The experience in the Brain IT project (http://ww.brainit.org) has pointed to opportunities for research and advances in care arising from improving the use of the extensive data acquired from monitoring in the ICU. Supported by the EU, units across Europe have produced standards for collection, analysis, and reporting and accumulating a database of > 2 million records of periodic physiological data, thereby demonstrating feasibility of the system. These data led to new ways to investigate intracranial disorders and demonstrated how advances in data integration and analysis can yield sophisticated insights by using computer science approaches. Such data can be incorporated into an extension of the CDE, drawing on newer supportive ontology and semantic web technologies. The Avert IT project (http://www.avert-it.org), in which several centers are piloting real-time capture and sharing of high-quality data, has demonstrated feasibility of a clinical laboratory research infrastructure that can both optimize the detection of treatment effects and improve the efficiency of collecting valid, high-quality data. open-source access and input. Information being collected includes the value of factors, such as biomarkers and advanced neuroimaging, for improving injury classification, a multi-dimensional approach to outcome assessment and the relation between early endpoints and outcome of care. Despite having almost 3000 fields, the CDE collection instrument has been implemented successfully in four centers and data collected within 9 months on 602 acute cases (77% with a mild injury) and on 50 patients in a rehabilitation facility. Neuroimaging protocols have been standardized and data accumulated from MRIs in 235 patients. Techniques for collecting and processing biomarkers have been established and 475 biospecimens stored. Data on 10 measures of outcome at 3 and 6 months are being obtained from most subjects. Important lessons from the success thus far include the need to secure resources for the substantial costs of recruitment, data collection and follow-up and to be receptive and flexible to accommodate the diversity of hospitals and specialities that contribute to the care of patients with TBI.
Summary of discussion and recommendations for InTBIR
Participants agreed that there is a need to generate new data rather than continue analysis of previous data sets. There is also a need for an easy data entry tool, with maximum utility. The recently developed FITBIR ProForms tool may serve this purpose, but will depend on feedback from users in the future. The use of the TBI CDE is both desirable and feasible. A common repository for TBI data is both desirable and feasible. Several technical, operational, and conceptual issues were identified that need to be resolved. These include the need for consent from subjects to use their information, the interactions between local investigators and central coordination, data sharing, access, and ownership, quality assurance, longterm sustainability, and governance. The density of data collection needs to match the goals and objective of the research. Methods for electronic data capture and artefact rejection in the ICU need further development, along with data quality assurance, to enable accurate quantification of patient management.
Toward an Improved Injury Classification and Patient Stratification in TBI
Why we need to revise the current classification of TBI: Geoff Manley Current approaches to rational diagnosis and targeted intervention have limitations. Clinical assessment of sTBI is increasingly difficult because of confounders (e.g., sedation, ventilation, neuromuscular blockade, and intoxicants). Genomics and comorbidities introduce additional variables that can influence outcomes. The GCS and computed tomography (CT) are commonly used to detect and stratify severity of TBI. Though the GCS retains substantial clinical utility, it does not, on its own, provide a full description of the type of injury for rational therapy selection. Instead, the GCS was developed for specific clinical purposes (i.e. ''to assess depth and duration of loss of consciousness'') and was not meant to be a mechanistic diagnostic tool.
14 Better insights into the extent, location, and mechanisms of tissue damage are needed in clinical practice. 15 Options include a combination of imaging, biomarkers, and neurophysiology (this latter especially for mTBI). Neuropathology retains its value for understanding mechanisms of injury. To better diagnose and predict prognosis of TBI, multidimensional models that are valid across the broad spectrum of TBI (from concussion to coma) need to be developed. Better models would also inform the design of future clinical trials and identify new targets for therapeutic interventions.
How biomarkers can inform TBI classification: Ron Hayes
There is a growing interest in biomarkers after TBI, with new evidence rapidly accumulating. Therefore, their role, potential, and validity need refining. Biomarkers may be useful to diagnose the presence of mTBI, stratify the severity of TBI, provide early prognostic information, and/or identify the prevailing mechanisms of injury. Traditionally, biomarkers have been used to verify the presence or absence of brain damage and as an index of its severity. New data, however, indicate that specific biomarkers may be linked to specific processes. For example, alpha-spectrin breakdown products can differentiate between necrosis and apoptosis after TBI. 16 The relative merits of biomarkers in CSF versus plasma need further investigation. Sample acquisition, processing, and analysis need to be conducted to high standards, and clear thresholds for abnormality should be defined. The translation from investigative to widespread clinical use also requires accurate cost-benefit analysis.
A new way to use TBI biomarkers: Olli Tenovuo
The increasing number of risk-adjustment variables that can be measured and the types and grades of intervention raise the issue of statistical rigor because consideration of all possible combinations totals 2 100 possibilities. Options to address this problem include computer-aided diagnosis, decision support, and prognostication. The process would be facilitated by direct communication between the computers analyzing the data and electronic patient records. However, the automated import of physiological data, such as intracranial pressure (ICP) and cerebral perfusion pressure (CPP), carries a risk of being overwhelmed by artefacts. A commercial, academic (but proprietary) software solution is available that incorporates the CDEs for TBI 17 ; the compatibility of this method with clinical monitoring devices requires further exploration.
New concepts in neuroimaging for TBI classification and monitoring: Paul Parizel CT remains the most commonly used neuroimaging tool in sTBI and is often repeated sequentially after TBI. Nevertheless, the most appropriate protocol or scan (e.g., initial or worst CT) for research and for choice of therapy remains to be clarified. There is clearly a role for MRI, and for mTBI, it may well become the preferred option, but some concerns persist about safety in critically ill patients, especially very soon after injury when collection of sequences may be difficult. MRI may be particularly appropriate in children, because it avoids radiation exposure, but it may be difficult to ensure that they lie still unless sedation is given. Some centers have implemented ultrashort imaging protocols ( < 2 min), during which children are accompanied by a parent. 18 Development of a head-only magnet design may also facilitate the imaging of children as well as critically ill adults. The choice of sequence(s), compatibility between different MRI device vendors, and the reading of images need to be considered. Lessons about data compatibility and sharing may be learned from the ADNI 19 and from the value of central storage and analysis of images learned from several clinical trials.
Summary of discussion and recommendations for InTBIR
Current approaches to rational diagnosis and targeted intervention are hampered by problems with injury characterization because of: -Confounders in severe TBI (e.g., alcohol and sedative drugs).
-Insensitivity of conventional diagnostic methods (GCS and CT) to detect and stratify mTBI. An adequate description of injuries for rational therapy selection requires better insights into the extent, location, and mechanisms of tissue damage. Options include imaging (CT and MRI), biomarkers, and neurophysiology (particularly for mTBI), in combination with neuropathology, to provide robust validation. CSF and plasma biomarkers that could be used for diagnostic and prognostic purposes as well as for stratifying TBI patients according to injury mechanisms and/or severity are needed. For biomarker validation, it will be essential to standardize the methodology for sample acquisition, processing, analysis, and thresholds for declaring abnormality. Choice of imaging techniques. CT remains the initial choice in sTBI, with data from both initial and worst CT likely to contribute important information. Regarding MRI, some concerns persist about safety at early time points in sTBI and the cost of the technique. Novel developments in open magnet design might facilitate the imaging of critically ill TBI patients. On the other hand, MRI may well become the preferred option for mTBI (more sensitive than CT) and in children (it avoids radiation exposure). There was a strong recommendation that any InTBIR-supported data collection must include central storage and analysis of images. The experience of ADNI should be taken into account to solve data compatibility and sharing issues.
Using Observational Data and Comparative Effectiveness Research (CER) To Identify Best Practices and Improve Quality of Care in TBI
Benefits of CER in TBI: Geoffrey Manley
The Institute of Medicine (IOM) defines CER as follows: ''.the generation and synthesis of evidence that compares the benefits and harms of alternative methods to prevent, diagnose, treat, and monitor a clinical condition or to improve the delivery of care. The purpose of CER is to assist consumers, clinicians, purchasers, and policy makers to make informed decisions that will improve health care at both the individual and population levels.'' 20 The CER view of primary research is that (1) Inclusion criteria should be broad, based on the patient population implied by the clinical situation, (2) the relevant comparators are the best proven presently applied interventions, (3) the study duration should be such that the patient outcomes can be reliably assessed, and (4) studies comparing the presently applied, but never directly compared, best interventions have high value. CER encompasses the translation of clinical research to patient care, including the development of guidelines, implementation and training, capacity building, access and reimbursement, and monitoring and evaluating quality of care. CER has a natural link with personalized medicine by determining which of the interventions is best for which patients, given the situation and preferences of the patient.
Methods for bridging the gap between clinical studies and personalized medicine include using multi-variable prediction rules to relate many biomarkers simultaneously to outcome. Careful thought should be given to defining the patient population and the interventions (e.g., primary or hospital care or both, all ages or only adults, all degrees of seriousness of the situation, contraindications, and so on). Determining what health care facilities should participate in the CER for the best coverage of the patient population also needs to be carefully considered. Observational studies for CER require complete patient population databases with continuous influx, standardization, many biomarkers, and few missing data, especially outcome data. An observational database with embedded trials may be an ideal CER approach because it would produce a large, complete patient data set, including long-term outcomes, have a continuous influx of data, and it would make it possible to relate trial patients to total patient population. CER does not change the strengths and weaknesses of the study design; it only influences the choice and use of the design. Methods for indirect comparison of competing interventions should be applied to a broad framework of the patient population and include long-term outcomes. The TBI community should welcome the CER paradigm and try to contribute to its methodology and use.
Research design and analysis considerations for CER: Steve Wisniewski
There are three key components of CER, as defined by IOM (http://www.iom.edu/). The first is the aspect of ''comparative research.'' CER must include a direct comparison of at least two interventions, which, if one was found to be superior, would be considered the standard of care after the completion of the study. The second is the aspect of ''effectiveness'' research. Effectiveness research is conducted in a typical day-to-day clinical setting. Thus, the goal is to provide a more generalizable, real-world evaluation of the treatments being compared. Last, outcomes of CER are to include patient-centered outcomes, which are described as outcomes that are important to patients and typically do not involve biological markers of clinical outcomes. CER encompasses many different types of research and study designs. This may include systematic reviews of the study literature, the retrospective evaluation of large database and prospectively designed studies, such as registries, observational cohort studies, and randomized clinical trials (RCTs). To conduct CER research for treatments of TBI, researchers must first identify the clinical questions to be answered. Next, the suitability of a CER study for those clinical questions should be determined in the context of the three key components of a CER study. Finally, the most appropriate design to answer the question should be applied.
TBI: identifying and getting good practice into practice: Sir Graham Teasdale
In 1977, Jennett and colleagues 21 reported wide variations in management among patients treated in the UK, Netherlands, and United States without effects on outcome. A further comparison of two participating studies in the Netherlands led Gelpke and colleagues, in 1983, 22 to state, ''our results do not support aspects of such an 'aggressive' or 'multimodality' management regimen to improve outcome.'' Since then, reports have continued to show variations between centers, 23, 24 countries, 25 and continents. 25 Most recently, the IMPACT study, which enrolled 9578 patients, noted 1216 TOSETTI ET AL.
3.3-fold differences in outcomes between centers after moderate and sTBI. 24 The reasons for such large differences are unknown, and rigorous investigation may clarify the role of different approaches to care-including wider perspectives that are thus far little explored in TBI.
There is currently evidence from many other clinical fields of differences in the quality of ''routine'' care and of consequent occurrence of adverse events and poorer outcome. 27 Investigations into the link between management and outcome in TBI need to consider both the role of ''specific'' components of care and of variations in the ''general'' standard of care. Information collected for CER, therefore, in addition to patient-and intervention-specific facts, needs to characterize the safety and reliability of the whole system of care. To this end, an important question is, ''What indicators should we use in head injury?'' ICP monitoring has been proposed as a ''surrogate'' quality assurance indicator, 28 but it will be important to develop, validate, and apply additional indices of the quality of care provided to the patient with a TBI.
Pediatric TBI issues that could be addressed by CER: Mike Bell
TBI is the leading killer of children, with over 7000 deaths reported in the United States in 2005. In addition to this loss of life, the yearly costs of TBI on the health and welfare of children in the United States is estimated to be greater than $2 billion for acute care alone, and more than a million life-years are potentially at risk. Advances in care for children with sTBI have been disappointingly slow. RCTs of novel therapeutic agents and approaches have universally failed when applied in multiple centers. Evidenced-based guidelines are not sufficiently robust to generate meaningful recommendations because the literature has failed to demonstrate best practices for most aspects of TBI care. Variability in practices, such as intracranial hypertension control, mitigation of secondary insults, and metabolic support, are substantial in contemporary clinical practice, leading to wide variations in patient outcomes and may ultimately overwhelm treatment effects that might be observed in a well-designed RCT.
Within a consortium envisioned by the InTBIR, we propose an observational cohort study of 1000 children with sTBI to compare the effectiveness of pediatric TBI therapies from centers in the United States, Canada, UK, and EU. The aim would be to test three specific aspects that cover a total of six TBI therapies: (1) intracranial hypertension strategies-CSF diversion and hyperosmolar therapies; (2) secondary insult detection-prophylactic hyperventilation and brain tissue oxygen monitoring (PbO 2 ); and (3) metabolic support-nutritional support and glucose management. Several statistical approaches, often used in CER to control for confounders, should be employed, including propensity score adjustments, regression analyses, and novel statistical modelling. Successful completion of this proposal would provide compelling evidence to change clinical practices, provide evidence for several new recommendations for future guidelines, and lead to improved research protocols that would limit variability in TBI treatmentshelping children immediately through better clinical practices and, ultimately, through more-effective investigation.
Summary of discussion and recommendations for InTBIR
Optimum study design to advance the TBI field requires a clear, concise clinical question to be answered. In some instances, an RCT would best define the efficacy of a therapy. In other instances, an observational study, using the proper statistical design, could inform the field and generate hypotheses to be tested in further studies.
Examples of clinical questions that could be addressed by an observational study include the following:
Understanding the natural history of TBI. Approaches should include the better stratification of injuries classified as mild based on current methodologies. Development of better diagnostic models of injury Development of better prognostic models Understanding ''bio-signatures''; these could include serological markers along with other diagnostic tests. Understanding the effectiveness or efficacy of various treatments where standards have not been established Meeting participants estimated that a sample size for such an observational study would be in the ''four digit'' range. Any models that were developed needed to be validated on an independent sample. Such models should explore and dissect two sources of variability. First, efforts should be made to determine the patientspecific variability that naturally exists in TBI (e.g., age, sex, race, genetics, and comorbidities). Second, efforts should be made to determine system-based variability. Potential contexts for such variability include the following:
Clinical care (prehospital, hospital, or rehab) Intra-and interhospital variability Intra-and intercountry variability Quality
Linking Acute and Postacute Research
Linking acute and postacute research: Conceptual overview: John Whyte Acute and rehabilitation studies each address two important kinds of questions: prediction of outcome and the efficacy and effectiveness of treatments. Prediction studies attempt to relate demographic and clinical patient factors to clinical and functional outcomes. Such studies control for variations in treatments that may confound this relationship. In contrast, treatment effectiveness studies control for variations in patient characteristics that directly affect outcome. Thus, both forms of research must grapple with the relationship among patient characteristics, treatments received, and outcomes achieved (Fig. 3) .
Acute intervention after TBI generally aims to lessen the overall burden of brain damage and, consequently, a general lessening of impairment. Thus, global summary measures of function may provide reasonable outcome measures of the effectiveness of such treatments. Rehabilitation treatments generally begin soon after acute stabilization and aim to lessen the residual impairments and disabilities. However, rehabilitation interventions in patients with TBI typically have more-focused treatment goals. For example, physical therapy may concentrate on lessening contractures, improving muscle tone, and practicing basic movements for improved ambulation, whereas speech therapy may focus on oral motor control for improved swallowing function. The aggregate goal of these modalities is to improve overall self-care and mobility function. Thus, at this postacute stage, focused outcome measures may help assess the effect of individual treatments, whereas relatively global measures of function may assess their collective effect. At still later times, rehabilitation treatment may focus on more specific and limited goals, such as enhanced performance of memory-demanding tasks or improved vocational skills, and more treatment-specific outcome measures become most relevant.
Challenges in measuring outcome in TBI: Nicole von Steinbuechel
Sociodemographic, genetic, and physiologic factors that affect various aspects of outcome are available, though they continue to be refined. The CDE effort in the United States made initial recommendations for a number of measures of patient and injury characteristics, including biomarkers 29, 30 and imaging. [31] [32] [33] Biological characteristics tend to predominate in determining early and global outcomes (e.g., GCS predicting early mortality and functional outcome), whereas a range of social and environmental factors become increasingly important predictors of postacute outcomes (e.g., previous employment history predicting return to work). Many acute interventions can be operationally defined either in specific terms (e.g., drugs and physiologic algorithms) or as adherence to broad evidence-based guidelines, but there are currently no validated taxonomies or measures of rehabilitation treatments. To date, most large rehabilitation studies have relied on crude measures of ''dose'' (e.g., length of stay and treatment hours) without regard to the content or active ingredients.
Linking acute and postacute care research: Recommendations from the Common Data Elements working group for TBI Outcomes: Gale Whiteneck
The CDE effort has made initial recommendations about both the outcome domains that are important to measure, informed by the World Health Organization's International Classification of Functioning, Disability and Health, and the specific tools that are currently recommended for measuring them. These include core measures with wide applicability (Glasgow Outcome Scale-Extended, Rey Auditory Verbal Learning Test, Trail Making Test, Wechsler Adult Intelligence Scale-III/IV, Brief Symptom Inventory-18, Rivermead Post-Concussion Symptoms Questionnaire, Functional Independence Measure-Cognitive, Functional Independence Measure-Motor, Craig Handicap Assessment and Reporting Tool-SF, and Satisfaction With Life Scale), supplemental measures to augment assessment of specific outcome dimensions or more-specific populations and promising tools on the horizon. 34 Pediatric modifications to some of the CDEs have also been recommended to enable data collection in younger patients as well as adults. 35 Selecting measures that can be used in longitudinal observational studies is challenging. Such measures need to be brief, but sufficiently comprehensive, to cover key aspects of outcome. They need to be applicable to all levels of injury severity and at as many post-traumatic stages as possible. Global and functional outcome assessment should be complemented by measures assessing cognition, as well as generic and disease-specific health-related quality of life. This can be achieved with ''emerging measures'' in the initial CDE recommendations. Supplementary measures of social support, important life events, anxiety, depression, and post-traumatic stress disorders should also be included in a comprehensive assessment as moderator variables. The patient-reported healthrelated quality of life (HRQOL) measures become increasingly important and measureable over time as cognitive status improves, because, in this concept, the patient is viewed as the best expert of his or her subjective health and well-being. The physical and social environment is a crucial influence on functioning, particularly at the activity and participation levels, and, most strongly, in the postacute phase. The CDE effort did not make conceptual or measurement recommendations in this area, so this is an area that requires additional development.
FIG. 3.
Confounds from the perspective of acute and postacute care researchers. Patient characteristics and rehabilitation interventions produce confounds to the assessment of the effectiveness of acute care interventions on long-term outcome. Initial injury characteristics (1) result in acute treatments that moderate the effect of injury and begin to influence global outcome (2) , which is the product of multiple specific functional domains (here illustrated with gait function, memory ability, and employment potential; 3). Soon, one or more rehabilitation interventions are introduced, which alter one or more of these functions (4), in turn affecting long-term outcome (5).
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The effect of transitions in care on clinical studies: Ross Zafonte
Transitions have important implications for the linking of acute and rehabilitation treatment research. Rehabilitation interventions typically begin before the long-term effect of acute neuroprotective and neurosurgical treatment interventions can be assessed. Indeed, rehabilitation interventions are intended to minimize the effect of differences in acute neurologic factors. Thus, rehabilitation interventions unavoidably produce confounds to the assessment of the effectiveness of acute care interventions on long-term outcome, as shown in Figure 3 . The relevance of acute factors to rehabilitation effectiveness research is less clear because these factors do not intervene between the rehabilitation treatment and its outcomes. Because rehabilitation treatments are typically preceded by functional assessment, early injury and treatment factors often fail to account for additional variance after inclusion of pretreatment functional measures. For example, measures of brain injury severity, such as the GCS, and duration of post-traumatic amnesia often fail to enter models where later functional variables are included. Thus, the utility of variables reflecting acute factors and treatments to the assessment of later rehabilitation treatments is an empirical question. However, accurate assessment of the efficacy of acute care interventions would benefit from the measurement of intermediate functional outcomes before delivery or rehabilitation treatments as well as accurate recording of the rehabilitation treatments received.
There are many logistical obstacles to overcome in linking acute and postacute research. Patients' acute injury severity and later functional level lead them to receive care in different service systems and, as their function changes over time, they tend to move from facility to facility or system to system (see Fig. 4 ). In some countries, it may be more feasible to link administrative and electronic medical record data sets over time than in others. However, there is reason to be concerned about the accuracy of treatment and outcome data recorded during the course of routine clinical care, as opposed to prospective research databases.
Summary of discussion and recommendations for InTBIR
There are clear linkages between acute and postacute care. Acute care influences postacute interventions, and postacute care is a confounder of acute outcome. The participants made the following general points and recommendations:
Clinical studies should only be initiated in high-caliber centers with research infrastructures. Automatic electronic data capture is not recommended for rehabilitation studies. We need to continue to invest in development of taxonomies for rehabilitation. Current approaches can only provide a binary description of such care (whether or not patients receive any rehabilitation). Further work may enable the time spent in rehabilitation to be quantified.
FIG. 4.
Treatment system transitions and injury severity. 
Research Priorities in TBI
The workshop participants identified the following key research themes that would benefit from an international collaborative effort:
Comparative effectiveness research to determine the benefits of current and new treatments Prediction of outcome and how this is affected by patient, injury, and the quality of general and specific management across the continuum of care Development and validation of surrogate markers of injury and recovery A pathoanatomical and mechanistic patient classification system to enable targeted therapies Within these themes, specific aims could be to:
Revise concepts of injury mechanisms and classifications and validate these against neuropathological findings. Explore the consequences of novel classification schemes. Address the feasibility and benefits of individualized versus protocol-driven management in ICU. Examine the basis and implications of intercenter variability in management and outcome. Ddevelop methods for defining and measuring quality assurance and quality improvement in the care of TBI. Define the effects of age and the interactions of age-related cognitive changes, cerebral atrophy, and the influence of the characteristics of a brain injury. Enroll patients as early as possible with the aims of outcome prediction and acute treatment assessment, controlling for later rehabilitation treatment.
The InTBIR
Representatives from funding agencies and organizations* agreed that international collaboration would accelerate TBI research and discussed the framework for an international initiative in the field of TBI research. As a result, the EC, the NIH, and the Canadian Institutes of Health Research (CIHR) expressed interest in developing a framework for an InTBIR. The initial objective of the InTBIR will be to collect standardized clinical data and build a shared database that would be later used for comparative effectiveness research. The ultimate goal of the InTBIR will be to identify effective interventions for TBI patients within the next 10 years.
The InTBIR is open to all funding agencies interested in contributing to InTBIR goals. Criteria for participation in the InTBIR will be further discussed among participating agencies, and a complete document setting InTBIR goals, governance, strategies, and rules for participation will be developed and made public in 2013.
Funding agencies will aim to coordinate research investments while working within their existing frameworks. They may publish similar calls for proposals (or other appropriate funding mechanisms) and/or use a modular approach to fund complementary research or infrastructures. Supported projects will be expected to network and collaborate. Finally, it was recommended that a governance structure similar to previous successful international consortia be established.
Summary and Recommendations
Representatives from the European Commission, the NIH, and the CIHR agreed to work together to develop a framework for the InTBIR. There was a clear consensus that increased dialogue and coordination of research at international level would be beneficial for advancing TBI research, treatment, and care. Particular importance was given to standardizing clinical data collection and creating a shared database for future comparative effectiveness research applications because the ultimate InTBIR goal is to identify effective TBI interventions. The InTBIR will enable the high-priority themes and specific aims of TBI research to be connected through a broad, but coherent, fundamental purpose and strategy.
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